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Probing the early Universe and cosmology by detecting

gravitational waves
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— free-streaming at et
- streaming at : :
e What can we probe by detecting
— streaming since end of inflation gy :
primorcial GWs/
— Umiverse equation of state
— end of inflation
— phase transitions
Very cosmological probes

~ cosmic strings
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3 3 kgri nflat
In inflation Hubble radius slightly increases in time
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— Highly non-thermal phase during which inflaton pumps energy to coupled-field
momentum modes
— Transient density inhomogeneities = GW production

Fhe GW spectrum peaks at a frequency fixed by energy scale at the end of inflation
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Chaotic inflation Hybrid inflation (V.5 = A 7 /1)
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e EW phase transition will be probed at LHC. It depends on Higgs sector
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¢ New models of EW symmetry-breaking recently proposed
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e EW phase transition will be probed at LHC. It depends on Higgs secto

e New models of EW symmetry-breaking recently proposed
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e Cosmic strings have large tension (mass-per-unit length) 1, e.g.. if formed at GUT

[ =]

scale | m: they oscillate relativistically and emit GWs [Vilenkin 31]

e Small loops (smaller than Hubble radius) oscillate, emut GWs and disappear, but are

replaced by small loops broken off very long loops (longer than Hubble radius)

Quadrupole moment

Loop radiates with power:
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lhe stochastic ensemble of GWs from network of oscillating loops iIs strongly non

Gaussian and include occasional, sharp GW bursts emanating trom Cusps and kinks
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Alessandra Buonanne June & 2001

Current and future upper limits with LIGOs
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e OUbservation of gravitational radiation from inspiraling binary provides a self-calibrated

ibsolute distance determunation to the source
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e Ubservation of 5r.1-;i1'.:'r|t_.-!1.|i radhiation from inspiraling binary |;|._-.11,i.|‘,ﬁ a self-calibratad

ibsolute distance determination to the source
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e Ubservation of gravitational radiation from inspiraling binary provides a self-calibrated

ibsolute distance determmation to the source
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e Ubservation of gravitational radiation from inspiraling binary provides a self-calibratad

ibsolute distance determmation to the source
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e Scalar-tensor theories: phasing modihed by GW dipole radiation
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e Current direct-detection experiments, such as LIGOs, have approached the BEN
bound and have started exploring interesting regions of parameter space.

e Possibility of constraining (or detecting) the presence of a «///f energy component
prior to BEBN.

e If CMB experiments detect a non-zero r = upper bound on 1 during dark age.

e More robust predictions from string networks are needed to infer the properties

of cosmic (super)strings from observations.
e Compact binaries as standard sirens = tests of gravity and cosmology.

l &= & - 1 .
® INn some irequent ands., cosmological signals compete with astrophysical ones
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